The objective of this experiment was to evaluate the effects of replacing coastcross hay NDF by soybean hull (SH) NDF on the lactation performance and eating behavior of ewes and also on the performance of their lambs. Fifty-six Santa Inês lactating ewes (56.1 ± 6.8 kg of initial BW; mean ± SD) were penned individually and used in a randomized complete block design with 14 blocks and 4 treatments. Diets were formulated to provide similar concentrations of NDF (56%) and CP (16%). The SH NDF replaced 33 (SH33), 67 (SH67), or 100% (SH100) of the NDF contributed by coastcross hay in a 70% forage-based diet (SH0), resulting in SH inclusion rates of 0, 25, 54, and 85% of the dietary DM. Once a week, from the second to the eighth week of lactation (weaning time), ewes were separated from their lambs, stimulated by a 6-IU i.v. oxytocin injection, and hand milked to empty the udder. After 3 h, milk production was obtained after the same procedure. Quadratic effect for milk production (142.4, 179.8, 212.6, and 202.9 g/3 h) and cubic effect for DMI (2.27, 2.69, 3.25, and 3.00 kg/d) were observed as SH inclusion increased from 0 to 85% of the dietary DM. Milk fat (7.59, 7.86, 7.59, and 7.74%), protein (4.53, 4.43, 4.40, and 4.55%), and total solids (18.24, 18.54, 18.39, and 18.64%) did not differ among the 70% forage-based diet and diets with SH NDF replacing 33, 67, or 100% of the NDF. A linear increase in lactose concentration was observed with SH inclusion. Ewe BW gain during the trial showed a cubic response (0.37, 0.03, 4.80, and 2.80 kg) with SH inclusion. The preweaning ADG of lambs increased linearly, and ADG of lambs after weaning decreased linearly with SH inclusion. Final BW of lambs (2 wk after weaning) did not differ among treatments. Eating behavior observations were conducted with 44 ewes. The same facilities, experimental design, dietary treatments, and feeding management were used. Observations were visually recorded every 5 min for a 24-h period when ewes were 46 ± 6.8 d in milk. Eating time (min/d, min/g of DMI, and min/g of NDF intake) and time expended in rumination and chewing activities (min/g of DMI and min/g of NDF intake) decreased linearly with the addition of SH in the diets. The inclusion of SH improved DMI and milk production, also reflecting on the BW of lambs at weaning. Milk performance was not affected when SH NDF replaced 100% of hay NDF.
INTRODUCTION
Despite the physical dissimilarities, soybean hulls (SH) may replace forage in ruminant diets because of their high fiber concentration (62% NDF and 46% ADF; NRC, 2007) . The SH are also reported to have greater energy density than many roughages (77% TDN for SH and 53% TDN for Bermudagrass hay; NRC, 2007) , and their inclusion in diets is aimed at increasing energy density while maintaining NDF concentration.
Generally, the NRC (2001) recommends for dairy cattle that diets with low total NDF concentration must have greater contributions of NDF from forage. It is well known that the effective NDF concentration is much less for SH than forages (Armentano and Pereira, 1997) . As a result, the addition of SH for dairy cows is seldom greater than 30% of dietary DM (Ipharraguerre and Clark, 2003) because of the limitation imposed by the lack of long particle fiber.
Milk yield, milk composition, eating behavior, and lamb performance of ewes fed diets containing soybean hulls replacing coastcross (Cynodon species) hay
Replacing forage with SH in dairy cow diets resulted in a reduction in eating and ruminating activities (Ipharraguerre and Clark, 2003) . However, the time spent eating and ruminating per kilogram of DM was 9 to 16 times longer for sheep than cattle (De Boever et al., 1990) , which makes sheep at less risk for digestive disorders (Cannas, 2004) . Moreover, the assumption that the same limiting particle size exists for cattle and sheep has been questioned (Cannas, 2004) , supporting the speculation that greater SH inclusion may be feasible for sheep.
Santa Inês is a Brazilian hairsheep with nonseasonal breeding that is raised for meat production. Penned Santa Inês ewes are usually fed high-forage diets, justifying the SH inclusion to increase the dietary energy density. However, data are limited on the replacement of forage with SH in the diets of lactating ewes or even on the use of diets without forage NDF for lactating ewes. The objectives of this experiment were to determine the effects of replacing coastcross hay NDF with SH NDF on the lactation performance and eating behavior of ewes, and also on the performance of their lambs.
MATERIALS AND METHODS
The research protocol and all animal care followed the guidelines recommended in the Guide for the Care and Use of Agricultural Research and Teaching (FASS, 1998) . This study was conducted from April to June 2004 at the sheep facilities of the Departamento de Zootecnia, Escola Superior de Agricultura "Luiz de Queiroz," Universidade de São Paulo, located at Piracicaba (22°42´30˝ S and 47°38´01˝ W) in the state of São Paulo, Brazil.
Performance Trial
Animals and Housing. Fifty-six Santa Inês lactating ewes (56.1 ± 6.8 kg of initial BW; mean ± SD) were housed indoor and individually allotted with their lambs in pens (1.3 × 3.5 m) with a concrete floor, feed bunk, mineral box, and waterer. Forty-eight ewes were multiparous and 8 ewes were primiparous. Twelve ewes gave birth to twins and 44 ewes had single births. Thirty-six lambs were females and 32 lambs were males, totaling 68 lambs. The day of lambing, all ewes were dewormed with 5 mL of 5% levamisole chloridate (Fort Dodge Animal Health, Campinas, Brazil) and 1 mL of 1% moxidectin (Fort Dodge Animal Health) .
Experimental Design and Treatments. After lambing, all animals were assigned to a complete randomized block design with 14 blocks and 4 treatments. Blocks (4 ewes each) were balanced for parity (primiparous or multiparous), type of rearing (single or twin), offspring sex, and lambing date (variation less than 7 d). Ewes within a block were allocated randomly to the experimental treatments.
The SH NDF replaced 33 (SH33), 67 (SH67), or 100% (SH100) of the NDF contributed by coastcross hay in a 70% forage-based diet (SH0), resulting in SH inclusion rates of 0, 25, 54, and 85% of the dietary DM. Diets were formulated to meet NRC (1985) recommendations and provided similar concentrations of CP (16%) and NDF (56%). Composition of experimental diets is shown in Table 1 .
Feeding Management and Data Collection. The experiment lasted from the end of the second week (14 d) to the end of the eighth week (56 d) of lactation. Lambs were weaned 56 d after lambing. All ewes received the same prepartum diet (57.0% corn silage, 25.7% ground corn, 14.3% soybean meal, 0.89% urea, 1.00% limestone, and 1.13% mineral premix; 42.0% DM, 15.6% CP, 29.8% NDF, 16.9% ADF, 3.86% ash, and 1.81 calcium:phosphorus; DM basis) and were adapted to their experimental diets between d 7 and 13 of lactation. For 3 consecutive days, animals were fed a 50:50 prepartum:experimental diet. After that, the total substitution was performed.
Experimental diets were fed as total mixed rations every other day at 0800 h, and animals were allowed ad libitum access to feed and fresh water. Hay was coarsely chopped to reduce the animal diet selection and feed wastage. Hay particle size distribution was determined by the Penn State Particle Separator method (Heinrichs, 1996) . The particle size distribution was >19 mm, 66.5%; 7.9 to 19 mm, 3.7%; and <7.9 mm, 29.8%. Twenty-five milligrams of monensin sodium (active compound, Elanco do Brasil, São Paulo, Brazil) was added per kilogram of diet (as-fed basis). Monensin was previously mixed with concentrate ingredients by using a horizontal mixer with a 500-kg capacity. Subsequently, chopped hay was added to produce the total mixed rations. Monoammonium phosphate or limestone was added to the experimental diets to maintain similar calcium:phosphorus ratios (1.96, 2.02, 2.06, and 2.09 for SH0, SH33, SH67, and SH100, respectively).
The amount of feed offered to animals resulted in orts being less than 10%. Orts were weighed every week to determine DMI. After weighing, orts were reoffered to animals. Treatment diets were sampled every week and immediately frozen at −18°C. All ewes were weighed without fasting for 3 consecutive days at the beginning (d 14) and end (d 56) of the experiment to determine BW change.
Once a week, ewes were separated from their lambs to estimate milk production. Ewes were milked by hand at 1000 h to empty the udder. Milk ejection was stimulated by a 6-IU i.v. oxytocin injection (Univet, São Paulo, Brazil). At 1300 h, ewes were milked again by using the procedure described previously, and lambs were weighed and returned to their dams. The milk collected in the 3-h interval was weighed, recorded, and sampled (15 mL) for milk composition determination. Milk samples were conserved in plastic containers with bronopol Broad Spectrum Microtabs II (2-bromo-
A creep diet was offered to lambs after the third week of lactation (22 d old). Lambs also had access to the diet of the dam, because any attempt to avoid it would interfere with their normal behavior. Lamb BW (3-h fasting) and creep feed intake were recorded weekly up to the eighth week of age. Lambs were weaned at 56 d of age, with BW and creep feed intake being monitored for an additional 2 wk. The DMI and ADG of lambs were expressed as the mean values obtained during the preweaning and postweaning periods. The same creep diet was offered during the 2-wk period. Creep diet ingredients were 70.0% ground corn, 23.8% soybean meal, 1.5% limestone, 1.00% mineral premix, and 3.7% sugarcane molasses (DM basis). Chemical composition of the creep diet was 87.7% DM, 18.6% CP, 11.8% NDF, 3.3% ADF, and 5.43% ash. Twenty-five milligrams of monensin sodium (active compound, Elanco do Brasil) was added per kilogram of diet (as-fed basis).
Chemical Analyses and Calculations. After thawing, feed samples were composited by treatment, dried in a forced-air oven at 55°C for 72 h, and ground with a Wiley mill (Marconi, Piracicaba, Brazil) to pass a 1-mm screen. The DM was determined by oven drying at 105°C for 24 h, and OM was determined after heating at 550°C for 4 h (AOAC, 1990). Ether extract was also determined according to AOAC (1990) . Nitrogen content was determined by using a Leco FP528 (Leco Corporation, St. Joseph, MI) combustion nitrogen analyzer (AOAC, 1997). Concentrations of dietary NDF were ash-corrected and determined by using beakers according to Van Soest et al. (1991) with addition of heat stable α-amylase (Ankom Technology, Tecnoglobo Equipamentos, Curitiba, Brazil) and sodium sulfite. Nonfiber carbohydrates (NFC) were calculated according to the equation NFC (%) = 100 − (% NDF + % CP + % ether extract + % ash). 1 Bulk density = 390 g/L.
2 Treatments: SH0 = total inclusion of hay; SH33 = replacement of 33% of hay NDF by soybean hull NDF; SH67 = replacement of 67% of hay NDF by soybean hull NDF; and SH100 = total replacement of hay NDF by soybean hull NDF. Twenty-five milligrams of monensin were added per kilogram of each diet (as-fed basis).
3 Composition: 7.5% P, 13.4% Ca, 1% Mg, 7% S, 14.5% Na, 21.8% Cl, 500 mg/kg of Fe, 300 mg/kg of Cu, 4,600 mg/kg of Zn, 1,100 mg/kg of Mn, 55 mg/kg of I, 40 mg/kg of Co, and 30 mg/kg of Se.
4 NDF from forage. 5 Physically effective NDF, calculated by multiplying the NDF concentration of particles >1.18 mm by the fraction (%) retained on a 1.18-mm sieve as suggested by Mertens (1997) .
6 Nonfiber carbohydrates = 100 − (% NDF + % CP + % ether extract + % ash). 7 Estimated by using the Small Ruminant Nutrition System, version 1.8.0 .
Dietary ME and NE l were estimated by the Small Ruminant Nutrition System, Version 1.8.0 . The hay, SH, and diet particles greater and less than 1.18 mm were determined by dry-sieving, by inserting 100-g samples in an oscillating sieve shaker (Produtest T Model, Telastem, São Paulo, Brazil) with a sieve of 1.18-mm pore size (Table 1 ). The shaking time used was 5 min. The physically effective NDF of the fibrous feeds and experimental diets was calculated by multiplying the NDF concentration of particles >1.18 mm by the fraction (percentage) retained on the 1.18-mm sieve, as suggested by Mertens (1997) . The bulk density of SH (Table 1) was determined in quadruplicate according to Giger-Reverdin (2000) with a glass 100-mL cylinder (2.7 cm i.d.). The cylinder was filled with the sample to the 50-mL mark and swirled for 15 s by hand. Additional sample was added up to the 100-mL mark and the cylinder was swirled for 10 s. Finally, the cylinder was refilled to the 100-mL mark and swirled for 5 s. Total weight of sample and volume were recorded.
Milk was analyzed for CP, fat, lactose, and total solids by infrared analysis with a Bentley 2000 instrument (Bentley Instruments, Chaska, MN; AOAC, 1990). The somatic cell count, expressed on a log basis, was performed by flow cytometry with a Somacount 300 instrument (Bentley Instruments; AOAC, 1990).
Fat (6.5%)-corrected milk (FCM), and fat (6.5%) and protein (5.8%)-corrected milk (FPCM) were calculated according to Pulina and Nudda (2004) . The equations used were FCM (1,020 kcal/kg) = production, kg × (0.37 + 0.097 × fat, %), and FPCM (1,047 kcal/kg) = production, kg × (0.25 + 0.085 × fat, % + 0.035 × protein, %).
Statistical Analyses. The statistical model for the repeated measurement of milk yield, milk composition, and DMI (kg/d) data was applied by using PROC MIXED (SAS Inst. Inc., Cary, NC), and differences were declared significant at P < 0.05. A method similar to that described by Littell et al. (1998) was used for the analysis of data with repeated measures over time. The covariance structure adopted was autoregressive order 1, because correlations between observations were expected to be larger for nearby times than for distant times. The statistical model adopted was
where µ is the overall mean, B i is the block effect (i = 1 to 14), T j is the treatment effect (j = 1 to 4), D k is the day of lactation effect (k = wk 2 to 8), T j × D k is the interaction of treatment × day of lactation, and e ijk is the residual error. The ewe was considered a random effect. Means were obtained by using the LSMEANS option. Polynomial regressions for treatment responses (inclusions of SH NDF replacing hay NDF) were determined by linear, quadratic, and cubic contrasts. The milk production data and the milk composition data obtained in the first week (7 d) after lambing (before feeding the experimental diets) were used as covariates and were included in the model for milk production and milk composition data analyses. Some comparisons among treatments were performed by the Tukey test.
Statistical analyses of DMI of ewes (% of BW and g/ kg of BW 0.75 ), initial BW, final BW, and BW change of ewes and also all lamb variables were conducted by using PROC GLM of SAS. Differences were declared significant at P < 0.05. Terms in the model contained fixed effects for block and treatment. Means were obtained by using the LSMEANS option. Polynomial regressions for treatment responses (inclusions of SH NDF replacing hay NDF) were determined by linear, quadratic, and cubic contrasts. The BW of ewes at lambing were considered as a covariate for ewe BW variables. Pen was considered as the experimental unit of all lamb variables. Thus, mean BW and mean creep feed intake of lambs were considered in pens containing twins.
Eating Behavior Trial
Fourty-four Santa Inês lactating ewes from the performance trial were used in an eating behavior trial. The same facilities, experimental design, treatments (experimental diets), and feeding management used in the performance trial were adopted.
Eating behavior observations were visually recorded every 5 min for 24 h when ewes were 46 ± 6.8 d in milk. Two observers (22 ewes per observer) were used for each 8-h interval, totaling 6 different observers for a 24-h period. The time spent for each animal observation was not more than 5 s. Eating, ruminating, and total chewing times were determined and expressed as minutes per day. Time (expressed in minutes) expended in each activity was calculated by the number of observations recorded multiplied by 5. Total chewing time was considered as the sum of eating and ruminating times (Weidner and Grant, 1994a) . Eating, ruminating, and total chewing times were also expressed as minutes per gram of DM and NDF intakes.
Statistical Analyses. Statistical analyses of eating behavior data were conducted by using PROC GLM of SAS, and the differences were declared significant at P < 0.05. The model effects considered were block and treatment. Means were obtained by using the LS-MEANS option. Polynomial regressions for treatment responses (inclusions of SH NDF replacing hay NDF) were determined by linear, quadratic, and cubic contrasts.
RESULTS AND DISCUSSION
Performance Trial BW and DMI. The BW and DMI of Santa Inês lactating ewes are shown in Table 2 . All ewes maintained or gained BW during the lactation, demonstrating that all experimental diets supplied the nutritional requirements of lactating ewes.
Cubic effects were observed for DMI variables when hay NDF was replaced by SH NDF, expressed as kilograms per day (P < 0.05), percentage of BW (P < 0.01), and grams per kilogram of metabolic BW (P < 0.01). The greatest DMI was observed for SH67 (54% of SH inclusion in the dietary DM). The DMI did not differ between SH67 and SH100 (P = 0.06). However, a reduction in the DMI of SH100 compared with SH67 was expected because less feed would have been necessary to cover the requirements of SH100 ewes, because this diet had greater energy density than did SH67 (Table 1) . Gomes et al. (2004) observed a quadratic increase in the DMI of lambs when SH replaced wheat straw up to 40% of dietary DM, and this effect was attributed to the rumen fill reduction caused by the decrease in indigestible DMI. According to Allen (2000) , the accumulation of indigestible DM reflects the likelihood of an increase in ruminal weight and volume, stimulating ruminal stretch receptors to send stimuli to the brain satiety centers, signaling the end of the meal.
Supporting this idea, in a digestibility trial using Santa Inês ram lambs (Araujo et al., 2008) , the DMI increased linearly (P < 0.01) with 0, 33, 67, and 100% of hay NDF replaced with SH NDF (0, 25.4, 51.6, and 77.0% of SH inclusion in the dietary DM, respectively), resulting in DMI of 1.05, 1.35, 1.34, and 1.43 kg/d, respectively. Additionally, the DM digestibility increased linearly (P < 0.01) with SH inclusion, with reported values of 63.0, 67.9, 68.5, and 68.4%, respectively (P = 0.07 for a quadratic response). Thus, the greater digestibility of SH compared with coastcross hay and also the small particle size of SH promote the reduction of rumen fill.
Percentage of feed particles larger than 1.18 mm decreased with SH inclusion (Table 1) . Poppi et al. (1985) suggested that 1.18 mm is the mean particle size determining rapid (<1.18 mm) or slow (>1.18 mm) passage from the rumen. Therefore, the reduction in feed particle size with SH inclusion likely resulted in a more rapid ruminal escape and in a reduction of the rumen fill effect, supporting greater DMI. Generally, the rapid ruminal escape of SH is attributed to its small feed particle size (Mertens, 1997) and its high specific gravity (Bhatti and Firkins, 1995) .
A day of lactation effect (P < 0.01) and a treatment × day interaction (P < 0.05) were observed for DMI of ewes during lactation. Figure 1 illustrates the DMI according to treatments and days of lactation. The DMI increased during lactation, with the peak occurring around d 42 and 49 of lactation. The treatment × day interaction observed for DMI occurred because SH100 and SH67 had greater increases in DMI during lactation when compared with SH33 and SH0 (Figure 1) .
Milk Production. The milk yield data of Santa Inês ewes are shown in Table 2 . In general, feeding SH resulted in an average milk yield of 1.48 kg/d, a value that is in the normal range for this breed. Milk yields of 1.3 kg/d (Susin et al., 2005 ) and 1.4 kg/d (Mendes et al., 2003) have been reported for Santa Inês lactating ewes.
The replacement of forage with SH resulted in a quadratic effect (P < 0.01) for milk yield ( Table 2 ). The Treatments: SH0 = total inclusion of hay; SH33 = replacement of 33% of hay NDF by soybean hull NDF; SH67 = replacement of 67% of hay NDF by soybean hull NDF; and SH100 = total replacement of hay NDF by soybean hull NDF. Soybean hulls replacing coastcross hay DMI data are reflective of the milk production data. Both milk production (212.6 g/3 h) and DMI (3.25 kg/d) were maximized with SH67. Thus, the increase in milk production with SH inclusion is explained by a greater DMI and the greater energy concentration in the diets with SH inclusion (Table 1) .
Milk production, FCM, and FPCM did not differ between SH67 and SH100 (P > 0.10). Thus, the similar DMI of SH100 compared with SH67 (P = 0.06) resulted in similar milk yields. Additionally, the numerically decreased DMI observed for SH100 compared with SH67 was compensated for by the greater energy density of the SH100 diet, resulting in similar ME intakes between the 2 treatments (7.20 Mcal/d for SH67 and 7.07
Mcal/d for SH100). The similar ADG of lambs before weaning (Table 3 ; 235 g/d for SH67 and 236 g/d for SH100) also reflects the lack of difference in milk yield between the 2 treatments. Ipharraguerre and Clark (2003) , in their review of SH for dairy cattle, reported that replacing forage with SH promotes an average increase in milk yield and DMI of 0.7 and 0.3 kg/d, respectively. Despite SH inclusions generally ranging from only 5 to 25% of dietary DM, it is possible to observe that replacing forage with SH increases DMI and milk yield both in sheep and in cattle. However, in cattle nutrition a reduction in as-fed intake (from 15.2 to 10.2 kg/d) with a decline in milk production (from 11.7 to 7.9 kg/d) has been Figure 1. Dry matter intake (mean ± SEM) of ewes during a 56-d lactation according to the total inclusion of hay (SH0; ■), the replacement of 33% of hay NDF by soybean hull NDF (SH33; •), the replacement of 67% of hay NDF by soybean hull NDF (SH67; ▲), and the total replacement of hay NDF by soybean hull NDF (SH100; ♦). Treatments: SH0 = total inclusion of hay; SH33 = replacement of 33% of hay NDF by soybean hull NDF; SH67 = replacement of 67% of hay NDF by soybean hull NDF; and SH100 = total replacement of hay NDF by soybean hull NDF. reported when midlactation cows were switched over a 7-d period from a ration of mixed hay and concentrates to soybran flakes (steam-treated and rolled SH) as the only feed (Wagner et al., 1965) . Consequently, our experiment confirms that large quantities of substitution continue to enhance milk production in sheep, whereas cattle performance is generally reduced because of the inadequate provision of long particle size NDF.
It is commonly reported that SH have small particle size (Mertens, 1997) and a high specific gravity (Weidner and Grant, 1994a; Bhatti and Firkins, 1995) . These are generally the explanations used to support the high rate of passage from the rumen (Nakamura and Owen, 1989) and, consequently, the low in vivo digestibility of SH when fed as the sole feed (Quicke et al., 1959) . Thus, the association of a long particle fiber with SH was expected to increase the rumen mat (Weidner and Grant, 1994b) , reducing the passage of SH from the rumen and increasing DM digestibility and animal performance. Once again, this idea was not confirmed by our milk production data. One possible explanation related to the SH particle size is that Mertens (1997) reported 3% of particles >1.18 mm, whereas the current experiment presented 31.4% of SH particles >1.18 mm. Moreover, to support this idea, a digestibility trial was later performed by using Santa Inês ram lambs to evaluate the replacement of coastcross hay NDF with SH NDF (Araujo et al., 2008) . Similar DM (68.5 and 68.4%) and OM (69.6 and 69.6%) digestibilities were reported for the diets containing 67 and 100% of hay NDF replaced with SH NDF, respectively. Figure 2 illustrates the milk production according to days of lactation. There was a day of lactation effect (P < 0.01) on milk production (Table 2) , which is explained by the reduction of milk production as lactation proceeds (Cappio-Borlino et al., 2004) . However, the day of lactation effect was not observed (P > 0.10) for FCM and FPCM because variations in milk yield were counterbalanced by variations in fat and protein concentrations along with the days of lactation.
Milk Composition. Milk composition and production of milk components are shown in Table 4 . There was no effect (P > 0.10) of SH inclusion on the percentage of milk components, with the exception of lactose (P < 0.01). A day of lactation effect (P < 0.01) was found for all milk composition variables, whereas an interaction of treatment × day was observed (P < 0.01) only for protein concentration.
Mean values for milk fat, protein, lactose, and total solids observed in this experiment were 7.70, 4.48, 5.07, and 18.45%, respectively. All values are within the range of previously published data from Santa Inês ewes, which were 8.0% fat, 4.4% protein, 5.1% lactose, and 18.6% total solids (Susin et al., 2005) and 8.4% fat, 4.3% protein, 5.3% lactose, and 19.4% total solids (Mendes et al., 2003) .
Experimental diets contained 56% NDF, a concentration that is greater than those suggested for dairy cows (NRC, 2001) or dairy ewes (Cannas, 2004) . It was expected that a minimum amount of long particle size NDF would be necessary to maximize rumination and salivary production, maintaining rumen health and, consequently, milk fat percentage. However, SH inclusion did not result in milk fat depression. Similarly, in a different study, no negative effects on milk fat concentration and milk yield were observed when ewes were fed a diet (41.6% NDF) containing 54.9% of grass hay (DM basis) ground with mesh sizes of 1.0, 2.4, or 12 mm (Cannas, 1995) . Milk production (mean ± SEM) of ewes during a 56-d lactation according to the total inclusion of hay (SH0; ■), the replacement of 33% of hay NDF by soybean hull NDF (SH33; •), the replacement of 67% of hay NDF by soybean hull NDF (SH67; ▲), and the total replacement of hay NDF by soybean hull NDF (SH100; ♦). Milk production data at d 7 were used as a covariate.
Soybean hulls replacing coastcross hay For dairy cows, inclusion of less SH than used in our experiment was sufficient to cause a reduction in milk fat percentage. The inclusion of 15% SH in the dietary DM, replacing a mixture of alfalfa haylage and corn silage, caused a milk fat reduction (P < 0.05) from 3.56 to 3.26% (Weidner and Grant, 1994a) , whereas the replacement of 16.8% of alfalfa hay by a mixture of SH (9.5% in the dietary DM), wheat middlings, and corn gluten meal reduced milk fat percentage from 3.83 to 3.48% (Mowrey et al., 1999) .
The eating behavior data revealed a reduction in rumination and chewing times with SH inclusion (Table  5) , which suggests a putative reduction in salivary production. However, even for SH100, the milk solids percentage was unaffected, which suggests a healthy rumen (Cannas, 2004) . The rapid rumen escape of SH may be an explanation for this situation, because less feed would be fermented in the rumen. Moreover, the inclusion of less ground corn (13 to 19% of dietary DM) contributed to the lack of response in milk composition. The rate of carbohydrate fermentation usually observed for SH is much less than that of high-starch ingredients (Ipharraguerre and Clark, 2003) , and it supports the milk composition data observed in our experiment. Finally, the effect of monensin, which manipulates rumen fermentation, stabilizes feed intake, controls rumen pH, and reduces lactate production, also has to be considered as a factor that helped to maintain normal milk Table 4 . Effects of soybean hull NDF replacing coastcross hay NDF on milk composition and production of milk components by lactating ewes (n = 56) Treatments: SH0 = total inclusion of hay; SH33 = replacement of 33% of hay NDF by soybean hull NDF; SH67 = replacement of 67% of hay NDF by soybean hull NDF; and SH100 = total replacement of hay NDF by soybean hull NDF. Treatments: SH0 = total inclusion of hay; SH33 = replacement of 33% of hay NDF by soybean hull NDF; SH67 = replacement of 67% of hay NDF by soybean hull NDF; and SH100 = total replacement of hay NDF by soybean hull NDF.
2 L = linear effect; Q = quadratic effect; and C = cubic effect. composition for SH67 and SH100. Note that no clinical signs of acidosis were observed for any of the treatments in the experiment. Cannas (1995) indicated that sheep milk composition seems to be less affected than bovine milk by feed particle size. The lack of difference observed in the milk composition of SH100 and SH67 compared with SH33 and SH0 was in agreement with this observation. Therefore, in a situation of high NDF content, lactating ewes, when compared with lactating cows, seem to have decreased requirements for fiber with a long particle size. Although both sheep and cattle are considered grass and roughage eaters (Hofmann, 1989) , the known greater ability of sheep, compared with cattle, to select nutritious feeds is an evolutionary characteristic that supports its lesser requirement for long particle fiber.
Milk lactose percentage increased linearly (P < 0.01) with SH inclusion. This effect was unexpected because lactose has a constant concentration and is affected little by nutrition. However, Defrain et al. (2002) and Miron et al. (2004) observed in dairy cows that lactose concentration was positively or negatively affected by the inclusion of SH replacing forage (mixture of alfalfa hay and corn silage) or grains, respectively.
All variables for yield of milk components showed quadratic effects (P < 0.05) with SH inclusion (Table  4) . This situation occurred because milk production showed a quadratic effect without changes in the concentrations of milk components. A day of lactation effect (P < 0.05) was observed for all component yield variables, except for fat yield (P > 0.10), which was constant during the entire lactation. As expected, the concentrations of fat, protein, and total solids were least when milk yields were the greatest. On the other hand, lactose was greatest at the peak of lactation (data not shown).
The treatment × day interaction (P < 0.01) observed for milk protein concentration can be attributed to the decreased lactation persistence observed for SH0 and SH33 (Figure 2 ), resulting in greater milk protein concentrations for these treatments than for SH67 and SH100 during the end of the lactation (data not shown). According to Cappio-Borlino et al. (2004) , as lactation progresses and milk production decreases, the concentration of protein in milk increases. No treatment effect (P = 0.09), no day of lactation effect (P > 0.10), and no treatment × day interaction (P > 0.10) were observed for somatic cell count.
Lamb Performance. The BW, creep feed intake, and ADG of lambs are shown in Table 3 . The quadratic decrease (P < 0.01) observed for creep feed intake before weaning is explained by the quadratic increase observed for milk production with SH inclusion. The percentage of milk components was not affected by treatments; hence, the greater milk production and greater production of its components decreased the intake of creep feed by the offspring. Mendes et al. (2003) observed that Santa Inês lambs ingested 127 g/d of DM of a similar creep diet, whereas in the current trial, the mean intake was 47 g/d. In both experiments, lambs had free access to the diet of the dam. However, in the first experiment, ewes were fed a 50% corn silage diet. The increased DM content and the small particle size of diets in the current trial stimulated the lambs to consume the diet offered to their dams, which was visually noted. The intake of the dam diet by lambs may have been greater for SH100 and SH67 compared with SH33 and SH0. These diets were similar to a creep diet because of the low or absent forage content.
There was a linear increase (P = 0.01) in BW at weaning (56 d of age) and preweaning ADG with SH inclusion. These observations illustrate the main role of the ewe milk in lamb nutrition. Lambs whose dams received low inclusions of SH had greater creep feed intake; however, this behavior did not compensate for the decreased milk intake and thus did not result in similar performance when compared with lambs from ewes receiving greater inclusion of SH.
Creep feed intake for 2 wk after weaning decreased linearly (P < 0.01) with SH inclusion. Therefore, lambs whose dams produced more milk consumed less creep diet after weaning. The milk dependence and the preference of the lambs for the dam diets are explanations for this observation.
There was a linear decrease (P < 0.05) in the ADG after weaning with SH inclusion, an effect that is opposite that verified before weaning (Table 3) . Therefore, the greater creep feed intake after weaning observed for lambs from dams receiving less SH caused increased ADG and compensated for the low performance of these lambs during nursing. All lambs had similar (P > 0.10) BW 2 wk after weaning.
Eating Behavior Trial
Eating behavior data, DMI, and NDF intake are shown in Table 5 . Similar to the performance trial, DMI and NDF intake presented cubic effects (P < 0.05) with SH inclusion, and maximization of DMI occurred in SH67.
Linear decreases (P < 0.01) with SH inclusion were observed in eating (all units), and in ruminating and chewing times, when expressed as minutes per gram of DM and NDF intakes. However, a cubic reduction was observed for ruminating (P < 0.01) and chewing (P < 0.05) times when expressed as minutes per day. It was observed that SH were rapidly ingested by ewes, because the eating time decreased even with the observed increase in DMI with SH inclusion. Grant (1997) reported that chewing time decreases with particle size and NDF reductions. Thus, the reduction in particle size of diets with SH inclusion (Table 1) caused the observed effects in eating behavior, because the experimental rations had similar NDF contents. According to Mertens (1997) , 1.18 mm is the limiting particle size that stimulates chewing activity, Soybean hulls replacing coastcross hay which explains the observed reduction in ruminating and chewing times with SH inclusion.
Although the NDF concentration of SH is comparable with that of forages, its ability to stimulate chewing activity and to promote optimal ruminal function is limited (Weidner and Grant, 1994a) . Sudweeks et al. (1981) estimated that SH would promote only 8.4 min of chewing time/kg of DMI, and Grant (1997) reported that SH are 20% as effective as a hypothetical long grass hay containing 100% NDF.
Similar to the current experiment, reductions in eating (linear effect; P < 0.01), ruminating (quadratic effect; P < 0.05), and chewing (quadratic effect; P < 0.05) times were observed for Santa Inês ewe lambs when SH replaced coastcross hay at 0 to 37.5% of the dietary DM (Morais et al., 2006) . However, Weidner and Grant (1994b) did not observe a reduction (P > 0.10) in eating and ruminating times (minutes per day) when 25% of SH replaced a mixture of alfalfa haylage and corn silage fed to lactating cows. These results may be attributed to differences in the NDF concentrations between the experimental diets (27.6% NDF in the control diet and 33.6% NDF in the SH diet). However, eating and ruminating times were reduced (P < 0.10) with SH inclusion when expressed as minutes per gram of NDF intake. Confirming these effects, Weidner and Grant (1994a) verified the reduction of eating and ruminating times (P < 0.05) when 0, 15, and 25% of SH was added in the dietary DM of lactating cows.
In conclusion, SH may replace coastcross hay in the diet of lactating ewes. The inclusion of SH improved DMI and milk production, also reflecting on the BW of lambs at weaning. Milk performance was not affected when SH consisted of 85% of the dietary DM (SH100). The addition of SH caused a severe depression in chewing activity. Despite this, the percentage of milk components was affected little, and no metabolic disorders were observed during the entire experiment. It is difficult to foresee the effects of a diet lacking NDF from forage during the whole life of a ewe. However, during 1 lactation, the addition of SH up to 85% of the dietary DM is viable. Our experiment contributes to the understanding of the fiber requirements of lactating ewes, and also provides information on the implementation of optimum management and feeding strategies for penned meat-type lactating ewes and their lambs.
